Kosterlitz-Thouless properties of c-axis-oriented high-T, superconducting YBa2Cu307 " thin films were examined. The current-voltage characteristics over a wide current range obeyed a power-law relationship.
In the last decade, there has been considerable effort to investigate both theoretically and experimentally the Kosterlitz-Thouless (KT) properties in two-dimensional superconductors, namely, superconducting thin films. ' In high-T, copper oxide superconductors, there exists an intrinsic two-dimensional (2D) Cu-0 structure and large anisotropy between the c axis and the a-b plane. This strongly suggests 2D-like behavior for the superconducting transition. Indeed, the KT transition of the high-T, materials has been studied, and confirmation of the 2D behavior has been reported for a variety of systems.
Kosterlitz-Thouless properties have been examined in
YBa2Cu30~thin films in the study of mean-field penetration-depth renormalization. Similar studies were carried out in bulk, single-crystal YBa2Cu307 and Bi2Sr2CaCuz08 samples.
Also, a phase transition associated with vortex unbinding has been observed in granular YBa2Cu307 films in optical-response studies. Most recently, the KT transition was found in TlzBa&CaCuz08 films. ' The dimensionality of the order parameter could also be probed through its thermal fluctuations above the mean-field transition temperature T,o. This is because the excess conductivity depends on the reduced temperature differently according to its dimensionality. " Results previously reported in the literature showed complicated properties of , , and crossover of the dimensionality' in the high-T, materials.
Obviously, the dimensionality of the superconducting transition is important in understanding the physics of these new superconductors.
To a large extent, in addition to the crystalline structure, the dimensionality also depends on the nature of the sample, whether it is bulksintered powder, polycrystalline, or single crystalline. conductivity Auctuations measurement will be discussed. show the expected critical behavior of the exponent a( T) using a log-log plot of Eq. (5). It is confirmed that the theoretical slope of 0.5 is followed.
It can also be seen from Fig. 1 that at higher temperatures the I-V relation is linear in the low-current limit, which is the result of thermally dissociated vortexantivortex pairs. At higher current, the "free" vortice contributing to the voltage are mainly from currentinduced depairing where nonlinearity occurs. At lower
where b' is a constant. The resistance of the sample is related to the effective density of free vortices nf by
The exponent a( T) has a so-called "universal jump" at T"which represents the disappearance of the renormalized superelectron density n, . Near Fig. 1 for all temperatures.
However, our measurement was carried out in the current range well above the threshold value I,h, which was estimated from Eq. (2) to be -3 pA. In this current range, contributions from thermally dissociated vortices (high temperature) or current-induced vortices (low temperature) dominated. Also notice that the current-induced depinning of the external fluxes was not apparent even at high current density. Therefore, it is concluded that the existence of the 0.5-G external magnetic field does not alter our results.
It should be pointed out that if the external magnetic field and the pinning effect are strong, as the bias current increases, the system will undergo a transition from flux creep to flux flow. In the flux-creep mode1, below the superconducting transition temperature, the induced voltage V-sinh[I/Io(H, T)] does not show a power-law dependence.
The observed power law, the "universal jump" and critical behavior of a( T), can only be attributed to the vortex-pair unbinding mechanism. Certainly, at higher magnetic fields, Aux creep could be dominant, and the I-V curve will change shape accordingly.
At temperatures away from T" the renormalized superelectron density n, approaches the Ginzburg-Landau value (n, -1 -T/T, 'o 
). Substituting this into a( T) would
give rise to a linear region of a( T) with a ( T) 1- 'o 
where o'= 3~~and y is equal to -, ', 1, and -, ' for the 1D, 2D, and 3D cases, respectively. Therefore a plot of -do'/dT and cr' will provide the dimensionality without the parameter T,". This plot of the data is shown in Fig.  4 ' shows that the excess conductivity is given by" ' ' ' Various correction terms (MakiThompson correction) have been suggested, such as a correction due to the sample not being in the dirty limit or due to the existence of paramagnetic impurity or external magnetic field. They will not be elaborated upon here.
Therefore the excess conductivity measurement did not show the 2D behavior as expected. Instead, it showed a 1D-like behavior between 84 and 86 K. The inconsistency of T, o and T, 'o can also be seen in Fig. 6 , which is the plot of Eq. (6b). In Fig. 6 
